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4. Progress report of activities up to 31 December 2015 (up to 30 lines) 

The research activities have been carried in the framework of the WPs proposed and are described 
below: 

WP1: Ground-based SAR interferometry for landslide monitoring and development of reliable 
procedures and technologies for early warning. 

The DST-UNIFI performed monitoring activities of unstable slopes in order to estimate the 
deformational evolution of the landslide events (in space and time) and to implement the most 
suitable operational early warning systems (EWS) according to different critical situations. Nine are 
the sites that were monitored within the country of Italy (figure 1). All of them were monitored by 
using advanced sensors and portable instrumentations as the ground-based synthetic aperture radar 



interferometer (GB-InSAR), the terrestrial laser scanning (LIDAR), the satellite interferometry 
(PS-InSAR), the GPS antennas and the infrared thermography and traditional instrumentation (e.g. 
strain gauges, inclinometers, piezometers). Each time the best-integrated use and synergetic approach 
were evaluated (figure 1). By means of all the monitoring activities, the DST-UNIFI performed and 
validated a rapid procedure (called Landslide Triage) for the unambiguous assessment of landslide 
risk through a specific evaluation sheet which considers all the hazardous conditions associated with 
landslides. The goal of this procedure is to assign quickly and objectively a possible a level of 
criticality, which allows to speed up the selection of actions to take. 
 

 

Figure 1: (A) Optical image of the Calatabiano landslide (CT) acquired on November 12, 2015; (B) related point cloud 

acquired with terrestrial laser scanner and colored with the surface temperatures coming from infrared images (B). 

WP2: EO (Earth Observation) data and technology to detect, map, monitor and forecast ground 
deformations. 

The research was focused on the development of the satellite surveillance system exploiting the 
satellite data for the identification, mapping, monitoring and analysis of risk scenarios associated 
with landslides from local to regional scale. Its implementation was carried out by means of: 
- The application of satellite radar interferometry in monitoring and emergency support on areas 
affected by hydro-geologic instabilities threatening or involving the population and its activities;  
- The creation of geodatabases for each critical area arranged for containing all the available data 
(both optical and radar) and new specific calculations in a homogenized framework. 
- The integration of susceptibility models and interferometric data acquired by the satellite platform; 
- Stitching (merged analysis) between RADARSAT-1 and RADARSAT-2 images in order to ensure 



continuity of data monitoring. 
Through these issues we tried to use satellite data to increase the number, the quality and the 
accuracy of products that can be readily utilized in order to reduce the risk of areas affected by slope 
instability occurrences. Some of these products are: i) ground deformation velocity maps, ii) damage 
assessment, iii) susceptibility and iv) risk zonation maps. 
In particular, the development of a geodatabase dedicated to landslides allowed to enclose different 
types of data such as pre-existing inventories (ancillary records), auxiliary data (e.g. thematic maps, 
DEMs, VHR optical photos) and new remote sensing SAR (Synthetic Aperture Radar) data (e.g. 
from COSMO-SkyMed constellation) and subsequently to properly link them making possible the 
generation of high quality map products at various levels of specificity.  
On the other hand, using remotely sensed data acquired through different SAR satellites (e.g. ERS1/2, 
RADARSAT1/2, ENVISAT, COSMO-SkyMed) the slope deformations of the study areas were 
monitored in order to promptly undertake alert procedures and to address suitable countermeasures 
in case of high criticalities. The long time series of displacement provided by the Persistent Scatterer 
SAR Interferometry (PSInSAR) technique allowed defining the most critical unstable sectors (Fig.2), 
to update the extension of landslides phenomena and to redefine their state of activity. This was 
possible by comparing the ground deformation velocities measured in different times over the same 
targeted area. Usability of remote sensing data, comprising satellite, optical and ground-based data 
(e.g. GB-InSAR) was also deeply exploited during all the phases of the emergency management 
cycle: prevention, crisis, post-crisis.  

 

Figure 2: PS RADARSAT-1 ascending (2004-2010) displayed on coloured orthophotos dating back to May 2012. Here 

the landscapes with the more significant changes over time are indicated with black circles. 



WP3: Coupling of short-term weather forecasting with geotechnical modeling for shallow landslide 
prediction. 
The research activities include the development of a physically-based model, called HIRESS, for the 
real time prediction of shallow landslides induced by rain on large areas, predictive statistical models 
(SIGMA and MACUMBA models) based on the identification of rainfall thresholds for the landslides 
triggering and a nowcasting system which includes a forecasting and alert system valid at the 
national level for landslide with fast kinematics (not monitorable by satellite). 
The physically-based model proposed is composed of two parts: hydrological and geotechnical. 
During the last year, the system of collection, storage and querying of meteorological data was 
implemented with the creation of an efficient database that allows both to store historical records and 
real-time data coming from the National Radar Network and also from the pluviometric network 
belonging to the National Civil Protection. In this way, new data can be continuously added to the 
already stored files in the same format through the same indexing procedures. Therefore, this 
reference platform was necessary to transfer the model from a first experimental scientific software 
to an operative system for real-time applications at regional scale. In addition, thanks to a further 
campaign of measures (more than 150 in the region of Tuscany) new statistical distribution of 
geotechnical parameters were added. 
As concerns the two statistical models during the last year they have been extended to the whole 
national territory in order to find a peculiar rainfall threshold for the landslides initiation in each alert 
zone (137) outlined by the Italian Civil Protection. In particular, the thresholds calculated by the 
software Macumba were essentially improved applying the new rainfall collecting platform created 
for the HIRESS and then they were subjected to a rigid manual quality control.  
The integrated nowcasting system is mainly formed by two levels of forecasting: one is managed by 
the MACUMBA model in its real-time and one derives from the output of the HIRESS physically 
based model (Figure 3).  

 

Figure 3: Block diagram concerning the mode operation of the integrated nowcast system. 



 

5. Plan of future activities (up to 30 lines) 
The future activities in the framework of WP1 will focus on the optimization and validation of the 
operational protocols for technical and scientific support in areas at risk and on the definition of rapid 
procedures for assessing landslide risk and proper managing of each emergency situations. This will 
be achieved by the synergistic use of rapid mobile units for localized survey based on terrestrial, 
marine and airborne sensors. The technologies to be used in the terrestrial monitoring system will be: 
Ground-Based Radar, Wireless Sensor Networks (WSN), Laser Scanner (LIDAR and TLS), Infrared 
Thermography (IRT), Robotic Total Station (TPS), Multi-Beam Eco Sounder. The supplementary 
use of marine and airborne sensors will be concretely achievable with the same accuracy because the 
drone structure (SATURN) and the ROV vehicle (Remotely operated underwater vehicle: NEMO), 
recently patented by the DST-UNIFI (figure 4), are capable of mounting integrative technologies that 
meet the required demands. Currently some of them are the advanced evolution of terrestrial devices, 
they are commercially available and they will be tested in our areas of interest, while others will have 
to be implemented. For example, in the next future the DST-UNIFI will work on a new airborne 
hyperspectral sensor to be used for the realization of thematic maps, for the general management of 
the territory, for the prevention of environmental crimes, for the detection of unstable slopes and for 
the identification of rocks and soils. Finally, by means of all this technologies we plan to strengthen a 
prototypal multi-platform system aimed to characterize, monitor and predict natural hazards through 
the development of an innovative system useful in case of natural emergencies in any kind of 
environment. Such a system must be able to operate equally and effectively in four directions: i) 
rapid mapping; ii) rapid assessment; iii) real-time monitoring and iv) deferred-time monitoring.  

 

Figure 4: Equipment available at DST-UNIFI for landslide monitoring system. 



The future activities in the framework of WP2 will be aimed at improving the prototypal satellite 
surveillance system, developed in the previous years on the basis of some tests performed with all 
the satellite data (radar, multi- and hyperspectral) available for the Italian territory (ERS, ENVISAT, 
RADARSAT, COSMO-SkyMed). Such integrated system was designed for the identification, rapid 
mapping, monitoring and analysis of risk scenarios before, during and after emergencies. Under the 
European program, called Copernicus, the recent launch of the SENTINEL-1 satellite (able to 
provide information in continuity with those from ERS and ENVISAT) offers new opportunities 
(that we intend to experiment) for monitoring the Earth's surface and for the evaluation of ground 
movements. In particular, the following activities are planned: i) support activities (and control) to all 
the emergency phases on slopes affected by active landslides through the application of satellite 
radar interferometry; ii) extrapolation of landslide susceptibility maps for restricted areas of interest 
using topographic data (DTMs and their derivatives), thematic atlas (land use and geology) and 
landslides inventory maps and their validation, comparison and integration with satellite 
interferometric data; iii) statistical analysis of the displacement time series for the detection of 
deformation trends resulting from specific processing of interferometric images; iv) system 
strengthening through the inclusion of high-resolution optical remote sensing, thermal, multi- and 
hyperspectral data and the development of techniques of data merging and amalgamation for rapid 
landslides mapping and v) validation of all the phases concerning the satellite surveillance system. 

The future activities in the framework of WP3 will focus on the optimization of the national alert 
system for landslide risk by means of meteorological nowcasting and real-time forecasting of slope 
movements that are characterized by rapid and very fast kinematic. The planned activities are: i) 
updating the physically based model (HIRESS model) mainly with improvements to the calculation 
routines; ii) improvement of statistical forecasting models (SIGMA and MACUMBA models) 
through the optimization of rainfall thresholds calibrated using rainfall data obtained by rain gauges 
and the terrestrial meteorological radar network. This integrated system will be completed for the 
whole Italian national territory and the experimental activity carried out so far will be taken to an 
advanced level of restitution, viewable directly from a web portal. 
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